GSD I1 (Pompe's disease) is a lysosomal glycogen storage disorder caused by the deficiency of acid a-glucosidase (EC 3.2.1.20) (1, 2) . The disease is inherited as an autosomal recessive trait with location of the a-glucosidase gene (GAA) at position 17q23-25. Heterogeneity is found both at the clinical and the molecular level (3) (4) (5) (6) . The clinical spectrum shows the severely affected infantile patients at one end. They present shortly after birth with a fastly progressive muscle weakness and a hypertrophic cardiomyopathy eventually leading to cardiorespiratory failure within the first year of life. At the other extreme of the spectrum there are late-onset patients experiencing muscle weakness and respiratory problems only late in adult life. The a-glucosidase activity is virtually absent in infantile GSD 11, whereas the great majority of patients with the adult type of this disease have considerable residual enzyme activity (6 -8) .
Various mutations in the GAA gene leading to the disease have been identified. Point mutations as well as smaller and larger deletions and insertions were encountered (for review, see Ref. 6) . Most patients appear to be compound heterozygotes. Recently we found that two mutations which completely prohibit the realization of a-glucosidase activity, occur with a relatively high incidence among European patients. These mutations are the single base pair deletion AT525, causing premature termination at nucleotide 658-660 (9), and a deletion of exon 18 (10) (11) (12) . The practicability of DNA analysis for prenatal diagnosis was tested in the pregnancy of the parents of an infantile GSD I1 patient who was a compound heterozygote for AT525 and a second unidentified mutation. Mutation analysis was performed in addition to routine enzyme assay on the chorionic villi. The merits of DNA analysis versus enzyme analysis for prenatal diagnosis of GSD I1 are discussed.
CASE HISTORY
The mother is gravida 5 para 2. As indicated by the pedigree of family "0" (Fig. 1 ) the parents are consanguineous. The family history reveals no other congenital disorders. The first pregnancy was uneventful, and a healthy girl was born. Also the second pregnancy seemed without problems, but shortly after birth symptoms of infantile GSD I1 became apparent. There was severe generalized hypotonia, poor facial expression, progressive cardiac enlargement with decreased contractility. On ECG a characteristic short PQ interval was noticed. The tongue and liver were enlarged due to storage of glycogen. A deficiency of lysosomal a-glucosidase activity was found in was performed by enzyme analysis. In both cases the fetus appeared to be affected, and the pregnancies were terminated. The diagnosis made on chorion villi was confirmed on fibroblasts derived from the aborted fetuses. Recently the mother became pregnant again and the third prenatal diagnosis was done by chorionic villus sampling in the 12th wk of gestation.
METHODS
Sample preparation and enzyme assay. Chorionic villi from the three investigated pregnancies (11-12th wk of gestation) of Mrs. "0" were sampled in the University Hospital, Rotterdam, inspected under a microscope, selected, and washed in saline. For enzyme assay the villi (10-15 mg, wet weight) were homogenized in 100 p L water in a Potter tube and then sonicated (final protein concentrations 3 mg/mL).
Half of the 100 other chorionic villus and amniotic fluid samples from pregnancies at risk for GSD I1 was also received from this hospital, whereas the other half was sent from 13 different, mainly European, countries. Mutation analysis. DNA from leukocyte and fibroblast pellets was extracted as described elsewhere (13) . A slightly different procedure was used for the extraction of DNA from a chorionic villus homogenate, as prepared for enzyme assay (see above). Of this homogenate 40 p L was used for enzyme and protein assay and approximately 60 p L for DNA extraction. To this latter aliquot 120 p L of SE buffer (75 mM NaCl, 25 mM EDTA, pH 8.0) were added together with 10 p L proteinase K (10 mg/mL) and 7.5 p L SDS 20%. After 5 h at 37"C, 80 p L 6 M NaCl were added to precipitate proteins. The supernatant (10 min, 12,000 rpm at 4°C) was transferred to a clean tube, and DNA was precipitated with 160 p L isopropano1 and collected by centrifugation (10 min at 12,000 rpm). The DNA pellet was washed with 70% ethanol and dissolved in 25 p L Tris-HC1, pH 7.5. The DNA concentration was 0.36 kc~g/~L.
A 400-bp genomic DNA fragment around AT525 was PCR amplified using a sense primer in exon 2 (AGAGCAGTGC-CCACACAGTC) and an antisense primer in intervening sequence I1 (ACCCCAAGCTTGTGAGGTGC). The PCR conditions were as previously described (10) . The PCR products and DdeI fragments were analyzed by electrophoresis on 3% metaphor-agarose (FMC Bioproducts, Philadelphia, PA).
RESULTS

Enzyme analysis.
In the past 20 y, 100 prenatal diagnoses have been made in our center in pregnancies at risk for infantile GSD 11. In the first decade all investigations were performed on cultured amniocytes, whereas after 1984 most of the prenatal diagnoses were made by direct analysis of chorionic villi. Table 1 summarizes the results of a-glucosidase assays in all of these cases. They show practically complete absence of a-glucosidase activity in amniocytes (11 cases) and uncultured chorionic villi (10 cases) from affected pregnancies. Thus, there is I ) no interference of other (e.g. neutral) a-glucosidases (14-16) and 2) no significant contribution of maternal tissue or enzyme in carefully selected chorionic villus samples (17) . In all other pregnancies (n = 33 + 46; Table 1 ) the diagnosis of an unaffected fetus was made. Several of these cases showed reduced activity compared with the control range, which is in accordance with heterozygosity. Most important is that there appears to be unequivocal distinction between affected and unaffected fetuses in chorionic villi as well as amniocytes.
a-Glucosidase activities in chorionic villi of the three investigated pregnancies of one mother (family "0," Fig. 1 ) are presented separately in Table 2 . An almost complete deficiency in the first two pregnancies indicated that the fetuses were affected; both pregnancies were terminated, and the a-glucosidase deficiencies were confirmed in the cultured fetal fibroblasts. In the third pregnancy a high-normal a-glucosidase activity predicted a normal fetus; the pregnancy is continuing.
Mutation analysis. At the time of the third prenatal diagnosis in family "0" we were aware of two common mutations in GSD 11, i.e. the deletion of exon 18 and the single base deletion AT525 in exon 2. The latter mutation was found in the index patient in family "0," whereas the former was excluded. It was decided to test the applicability of mutation analysis in this pregnancy. The chorionic villi sample was handled routinely as * Nanomoles/h/mg of protein.
Fibroblasts of the parents were not available; leukocytes exhibited slightly reduced activity in accordance with heterozygosity but ruling out the possibility of a pseudodeficiency mutation in the second allele.
for enzyme assay, and a homogenate was made in water by sonication. DNA was extracted from this homogenate. As controls DNA was extracted from cultured fibroblasts from the index patient, the two affected fetuses, and from leukocyte pellets from the parents. In addition we included a DNA sample of a patient compound heterozygote for the AT525 mutation. Mutation analysis, based on the loss of a DdeI site, identified the mother, the index patient, and the affected fetus (third pregnancy; PD#l) as carriers of AT525 (Fig. 2) .
Although the father was related to the mother, he did not carry the AT525 deletion. Not knowing the a-glucosidase mutation of the father, the DNA analysis was only partially informative. The index patient and the affected fetus in the third (PD#l; Fig. 2 ) and fourth pregnancy (not shown) appeared to have inherited the AT525 allele from the mother. The fetus in the present, fifth pregnancy (PD#3) had not inherited the AT525 allele of the mother. Based on this DNA analysis alone, the index patient and the affected fetuses in the first and second prenatal diagnoses would have been identified as either Prenatal diagnosis has been performed since the early 1970s by amniocentesis in the 16th wk (18) and since 1984 by chorionic villus sampling in the 10-12th wk (14, 17) . In this period we have experienced that a prenatal diagnosis for infantile GSD I1 can be made reliably using a simple fluorometric assay of lysosomal a-glucosidase. The recent finding of two relatively common mutations causing infantile GSD I1 (AT525 and A exon 18) (9-12) has opened the practical possibility for carrier detection and prenatal diagnosis by mutation analysis in affected families. In the family under study the AT525 deletion was demonstrated indeed, but unexpectedly this deletion was found in only one of the consanguineous parents (the mother) and in only one of the alleles of the affected offspring. Thus, despite consanguinity, the two alleles causing GSD I1 in the offspring are not derived from a common ancestor.
Mutation analysis in the ongoing pregnancy demonstrated the absence of the mother's AT525 deletion in DNA from chorionic villi, which excluded that the fetus would be affected. Obviously knowledge of both mutations would have been needed to establish whether the fetus is a heterozygote carrying the father's mutation or has the homozygote normal genotype, as suggested by the high-normal a-glucosidase activity in the villi.
The presentation of this first prenatal investigation for GSD I1 by DNA analysis shows that both mutation analysis and classical enzyme diagnosis may reliably be done on chorionic villi. The question may be raised which of the two approaches, if not both, should be chosen in the future. Obviously mutation analysis would be preferred for disorders in which the enzyme assay is complicated and error-prone. However, neither applies to a-glucosidase: the assay using artificial bmethylumbelliferyl-a-glucoside as a substrate is specific, reliable, and quick. A definite diagnosis can be made within a few hours after chorionic villus sampling. Mutation analysis, on the other hand, requires the identification of the mutations in both parents before prenatal diagnosis. This necessitates laborious investigation and may not succeed if the common mutations are not involved.
Mutation analysis may be of major importance for prenatal diagnosis, if the measured enzyme activity in villi (or amniocytes) is well below the expected heterozygote range and near the patient's range. In principle this could be caused by maternal tissue admixture in the villus sample in the case of an affected fetus. Although we have not experienced significant interference from maternal tissue, neither in the prenatal diagnoses for GSD I1 nor in the large series for other metabolic disorders, this complication cannot be ruled out completely. Mutation analysis may exclude the presence of maternal tissue by demonstrating the absence of the maternal mutation as was done in the pregnancy under study in this report (Fig. 2) . Other maternal markers can be tested when needed. A second cause of very low enzyme activity could be compound heterozygosity for an infantile GSD I1 mutation and a so-called "pseudo-deficiency" mutation in the second allele leading to a-glucosidase deficiency but not to disease (19) .
Such a "pseudodeficiency" mutation is well known in the arylsulfatase A gene, and its high incidence (approximately 10%) has caused considerable complications in pre-and postnatal diagnosis of metachromatic leukodystrophy (20) . We have recently investigated a family in which the healthy mother of an infantile GSD I1 patient exhibited an a-glucosidase activity which was only slightly above the level in her affected child. Most likely this mother carries on her second allele a pseudodeficiency mutation or perhaps a mutation associated with adult type GSD 11. In this situation mutation analysis would be required for prenatal diagnosis to distinguish between a homozygote for infantile GSD I1 (like the affected child) and a compound with one infantile mutation and the pseudodeficiency mutation on the second allele (like the mother). For both situations described above we emphasize that the DNA analysis can be performed on the remainder of a villus homogenate prepared for enzyme assay, as in the present study of the AT525 mutation.
A potential advantage of mutation analysis is its 100% reliable prediction of the genetic status of the fetus, including heterozygosity. However, is it important for people to know that they are carriers, and is it desirable to have this information available even before birth? In most populations the incidence of infantile GSD I1 is estimated at 1 in 50,000, which implies a carrier frequency of 1 in 100 and a 0.25% risk that a proven carrier generates an affected child. In some populations with a higher incidence and especially those with a tradition of consanguineous marriage, the relevance of carrier detection is evident.
In conclusion we think that, for routine prenatal diagnosis for GSD 11, enzyme analysis on chorionic villi is the option of choice. For exceptional cases mutation analysis is advised in addition to enzyme analysis.
